The common belief that reductive biological sciences -for example, molecular biology and cellular chemistry -will write the book of revelation of all future antiasthma drugs is at variance with the demonstrated importance of discoveries in complex in vivo systems. (Thorax 1996;51:441-443) Keywords: drug discovery, asthma pathophysiology.
Scientific basis to drug discovery When novel molecular aspects of "airway inflammation" are unravelled this will prompt a speedy development of chemicals with blocking, mimicking, or other interaction properties.
Specific mediator, cytokine, enzyme, and signal transduction hypotheses are also being continuously tested in asthma. As an example of such a "logic" approach, inhibitors of the actions of leukotrienes' are now becoming available as antiasthma drugs. However, the major remedies in asthma may not fit into this simple scheme.
XANTHINES AND CHROMONES
The two antiasthma xanthines -caffeine (figure) and theophylline -are known to antagonise adenosine. Based on this knowledge and with an increasingly strong emphasis on receptor and cell biology data, adenosine has been promoted as a mediator of asthma. A few years ago when adenosine antagonism was widely viewed as the mechanism of action of theophylline (and of "future drugs"), in vivo data obtained with another xanthine, enprofylline, indicated that blocking the physiological actions of adenosine should probably be avoided in the treatment of asthma; it had no therapeutic effect but resulted in several side effects to the xanthine drug therapy.2 The discovery of enprofylline was based on data generated by heuristic research on the effects of selected xanthine derivatives in complex biosystems. At its appearance the "enprofylline paradox" clearly clashed with the concepts and language developed on the basis of reductive biomedical research on adenosine receptors.
Assyrian clay tablets tell about treatment of chest diseases: ". . . thou shalt bray Ammi, spread it over thorn fire, let the smoke enter his anus, his mouth and his nostrils".3 Underscoring the work of Roger Altounyan,4 this old Iraqi remedy may be the only known chromone inhalation prior to the advent of cromoglycate. A scientist, physician, and asthmatic, Altounyan discovered the efficacy of cromoglycate by himself inhaling a series of new chromone compounds.
New clinical and pharmacological aspects of both chromones and xanthines continue to be unravelled. However, the reductive modes of action of these two groups of drugs may remain conjectural.
|3-AGONISTS
Hyde Salter (figure) was an astute observer and a brave scientist. He advocated "simple reading of nature" and showed obvious aversion when "its place (was) supplied by an unquestioning inheritance and adoption of received notions". Salter discovered many aspects of asthma including the fact that violent emotions, causing the release of "a nervous derivative", could produce instantaneous antiasthmatic effects.5 When adrenaline eventually became available it was successfully used as a "vasoconstrictor" in asthma.5 These early workers could be said to have done the right thing (discovering the antiasthmatic activity of adrenaline injections) for the "wrong" reason (vasoconstriction). This method of making important discoveries continues to be successful. The label "mechanism of action" must frequently be questioned, altered, or remain unknown when interesting in vivo effects of experimental compounds are being observed.
After adrenaline came more selective agents. Several years before the introduction of oa and a receptors Konzett described the particular properties of isoprenaline, and well before the discovery of and 32 receptors researchers in the drug industry with unflinching convictions produced terbutaline and salbutamol.5 The importance of generally acknowledged basic research in this field cannot be neglected, but in individual cases -now also including formoterol and salmeterol -the academic theories have not preceded but have rather been dependent on the drug discoveries. The example of "sympathomimetics against asthma" shows that astute, non-dogmatic, almost rebellious researchers may make original important observations.
STEROIDS
In 1990 Solomon Solis-Cohen (figure) described the antiasthmatic action of maintenance therapy with dried bovine adrenal glands ingested in amounts of 2-6 g daily: "The constant dyspnea first disappeared, the paroxysmal nocturnal attacks became less frequent and less severe. Recovery was not rapid but was continuous." Solis-Cohen's erudite report is probably the first demonstration of the efficacy of oral steroids in asthma.6 About 70 years later inhaled beclomethasone dipropionate was introduced, being the first example of topical airway steroid therapy. Budesonide was developed during the 1970s through structure/activity research with a focus on airway/lung selectivity in vivo.7 Such chemical/pharmacological discovery work, similar to the development of novel 3 agonists, is a mixture of basic and goal orientated research in which new, sometimes very unexpected, observations are used to produce a novel drug. As we approach the next century, many of the actions of steroids have been unravelled. Importantly, however, no one has yet established for certain which molecular and cellular action(s) must be produced by a novel drug group to approach the clinical efficacy of the steroids. This scenario, to which we can add the xanthines and the chromones, is perfectly compatible with the possibility that new antiinflammatory drugs to combat asthma and other diseases may be discovered before their proper reductive modi operandi have been delineated.
Therapeutic potential of "reductive" versus "complex" approaches It is taken for granted that molecular biology is applied secondary to cell biological studies -that is, cellular mechanisms and functions must first be well assessed. To take this logic one step further, I suggest that the in vivo physiology/pathophysiology must be right (if not known it must at least be part of our test system) before we resort too much to the reductive sciences, or the reductive approach may involve the risk of exploring and explaining phantom phenomena.
My own acquaintance with this potential problem concerns the role of adenosine antagonists in asthma (mentioned above). Another aspect of some importance to drug development is the finding that neurogenic exudative inflammation may not exist in human airways in vivo, although it is a dominating mechanism in the airways of commonly employed experimental animals.8 Of physiological relevance are in vivo data which show that the mucosal barrier may be abnormally tight in allergic diseases of the airways.9 This latter observation contrasts with the common view of increased mucosal permeability in inflammation ofthe airways (which may also have been "explained" at reductive levels). Since the epithelial lining is the main contributor to mucosal tightness, the assumption that the permeability should be increased in desquamative diseases of the airways has been quite logical. However, the possibility of a speedy creation of barriers in vivo must now be taken into consideration.'0 The discoveries here include prompt and quick epithelial restitution as well as further data suggesting potential involvement of the latter process in causing the pathophysiology, the leucocyte pathology, and the structural changes in asthmatic airways. In addition to the ability to observe, in vivo work demands many skills which take time to acquire. The successful experimental setup may involve long hours of preparation and observation, and variability due to unknown factors may appear. Refinement and development of the methodology never ends, particularly when the aim is to create test systems which will mimic complex features of the "wild" asthma disease. The effort is worthwhile, however, because such test systems in experimental animals and humans are fertile fields for original and important observations. The potential for discoveries here should only increase with increasing knowledge of relevant reductive mechanisms. The increasing availability of interesting molecules is also a significant asset. However, the crucial work is that which is carried out by enquiring in vivo researchers, a species that is now threatened by extinction. Indeed, failure to understand the importance of exploratory in vivo approaches may be a major factor in the general slowdown in drug discovery during the last few decades.'2
